The phenotypic and genotypic characteristics of Neisseria gonorrhoeae strains fluctuate over time both locally and globally, and highly discriminative and precise characterization of the strains is essential. Conventional characterization of N. gonorrhoeae strains for epidemiological purposes is mostly based on phenotypic methods, which have some inherent limitations. In the present study sequence analysis of porB1b gene sequences was used for examination of the genetic relationships among N. gonorrhoeae strains. Substantial genetic heterogeneity was identified in the porB genes of serovar IB-2 isolates (8.1% of the nucleotide sites were polymorphic) and serovar IB-3 isolates (5.2% of the nucleotide sites were polymorphic) as well as between isolates of different serovars. The highest degree of diversity was identified in the gene segments encoding the surface-exposed loops of the mature PorB protein. Phylogenetic analysis of the porB1b gene sequences confirmed previous findings that have indicated the circulation of one N. gonorrhoeae strain each of serovar IB-2 and serovar IB-3 in the Swedish community. These strains caused the majority of the cases in two domestic core groups comprising homosexual men and young heterosexuals, respectively, and were also detected in other patients. The phylogenetic analyses of porB gene sequences in the present study showed congruence, but not complete identity, with previous results obtained by pulsed-field gel electrophoresis of the same isolates. In conclusion, porB gene sequencing can be used as a molecular epidemiological tool for examination of genetic relationships among emerging and circulating N. gonorrhoeae strains, as well as for confirmation or discrimination of clusters of gonorrhea cases.
Neisseria gonorrhoeae is the etiological agent of gonorrhea, which remains a major sexually transmitted infection worldwide (20) . In the absence of an effective vaccine for N. gonorrhoeae infections, the mainstay in the prevention of infection is based on regional, national, and international surveillance of the epidemiological characteristics as well as the antibiotic susceptibilities of the bacteria. The phenotypic and genotypic characteristics of N. gonorrhoeae strains fluctuate over time both locally and globally, and highly discriminative and precise characterization of the strains is essential. This can increase the level of knowledge about the strain populations circulating in the community, temporal and geographic changes among strains, as well as the emergence and spread of certain strains, information that is crucial for the development of improved control measures. Conventional characterization of N. gonorrhoeae strains for epidemiological and clinical purposes is mostly based on auxotyping, serovar designation, and antibiograms. However, these phenotypic systems have some inherent limitations concerning, for instance, their discriminatory abilities and reproducibilities (12, 14, 15, 18, 27) . Different DNAbased methods have thus been developed (14, 19, 26, 28, 29, 30, 33) .
In the present study, sequencing of the porB gene was used for molecular characterization of N. gonorrhoeae isolates. The antigenic expression of outer membrane protein PorB within a strain is stable; diversities between strains form the basis for serogroup and serovar determination with monoclonal antibodies (MAbs) (16, 24) . Any individual N. gonorrhoeae strain expresses only one of two different groups of the porin proteins PorB1a and PorB1b, which show high degrees of sequence homology (6, 8, 13, 32) . The proteins are encoded by the mutually exclusive alleles of the porB gene, porB1a and porB1b, respectively (8, 13) .
Since 1997 the incidence of gonorrhea in Sweden has been increasing, mostly due to a significant increase in the numbers of domestic cases (1) . In a 1-year prevalence study conducted during this increase, clinical and epidemiological data were prospectively obtained for all cases of gonorrhea reported in Sweden and the N. gonorrhoeae isolates were phenotypically characterized (1, 2) . Two core groups with domestic cases were identified: homosexual men in whom N. gonorrhoeae serovar IB-2 was the most prevalent serological variant and young heterosexuals of both sexes in whom serovar IB-3 was the most prevalent serological variant (1) . Genetic examination by pulsed-field gel electrophoresis (PFGE) indicated that two N. gonorrhoeae strains of the predominant serovars, serovars IB-2 and IB-3, respectively, caused the majority of the cases in the two domestic groups (30) .
The aims of the present study were to investigate the genetic heterogeneity in the porB genes of N. gonorrhoeae reference strains of different serovars and to examine the genetic diversity in the porB1b genes of the predominant Swedish serovars, serovars IB-2 and IB-3, as well as to evaluate (by phylogenetic analysis) the porB1b gene sequences for examination of the genetic relationships between the strains.
MATERIALS AND METHODS
Bacterial isolates and culture conditions. In the present study eight N. gonorrhoeae reference strains representing different serovars (see Fig. 1 ), clinical isolates of the two predominant serovars in the national study (1), serovars IB-2 (n ϭ 40) (see Fig. 2 ) and IB-3 (n ϭ 68) (see Fig. 3 ), as well as multiple isolates from five patients (n ϭ 10) were examined. Consequently, a total of 126 N. gonorrhoeae isolates were analyzed.
The selection of the isolates of serovars IB-2 and IB-3 and the multiple isolates was based on the results obtained in a previous study (30) . All isolates of two major N. gonorrhoeae clusters comprising phenotypically and genetically indistinguishable (no band difference by PFGE) IB-2 isolates (n ϭ 21) and IB-3 isolates (n ϭ 51), respectively, as well as IB-2 isolates (n ϭ 19) and IB-3 isolates (n ϭ 17) with distinguishable PFGE fingerprints (any band difference) from the two clusters of fingerprints (30) were included in the present study. Isolates (n ϭ 8) from four patients infected with two distinguishable strains according to previous PFGE results as well as two genetically and phenotypically identical isolates (with the exception of ␤-lactamase production) from one additional patient (30) Isolation of genomic DNA. Cultured bacteria were suspended in sterile 0.15 M NaCl to a concentration of approximately 3 ϫ 10 8 cells/ml. A total of 500 l from each suspension was pelleted and resuspended in 10 l of sterile distilled water. DNA was isolated with the Dynabeads DNA DIRECT Universal kit (Dynal, Oslo, Norway) according to the instructions of the manufacturer with the following optimizations: the samples were incubated at 65°C for 15 min with Dynabeads to improve lysis of the bacteria, and the DNA was eluted from the beads during incubation at 65°C for 5 min. The DNA preparations were stored at 4°C prior to PCR.
forB PCR. Primers PorBU and PorBL (Table 1) were used for amplification of the entire porB gene. The PCR mixture (50 l) contained 1.0 U of AmpliTaq Gold DNA polymerase (Applied Biosystems, Foster City, Calif.), 1ϫ PCR Gold buffer (Applied Biosystems, Foster City, Calif.), 2.5 mM MgCl 2 (Applied Biosystems, Foster City, Calif.), 0.1 mM deoxynucleoside triphosphates (Applied Biosystems, Foster City, Calif.), and 0.5 M concentrations of each primer. The mixture was overlaid with 50 l of mineral oil, 1 l of the genomic DNA template was added, and the PCR was run in a PTC-100 instrument (MJ Research, Watertown, Mass.). The amplification was performed by using the following cycling parameters: an enzyme activation step at 94°C for 10 min, followed by 30 sequential cycles of 94°C for 30 s, 60°C for 30 s, and 72°C for 90 s. At the end of the final cycle, an extension phase at 72°C for 4 min was included before storage at 4°C. A positive control (DNA of an N. gonorrhoeae reference strain, CCUG 15821) and a negative control (distilled water) were included in each PCR run. The products were analyzed by electrophoresis through a 2% agarose gel and ethidium bromide staining. DNA Molecular Weight Marker VI (Roche Diagnostics, Mannheim, Germany) was included on each gel for determination of the sizes of the amplicons.
DNA sequencing. The primers used for sequencing of the amplified porB gene are shown in Table 1 . The PCR products were purified with the High Pure PCR product purification kit (Roche Diagnostics) according to the instructions of the manufacturer. Each cycle sequencing mixture (5 l) contained 2 l of the reagents supplied with the ABI BigDye Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystems, Warrington, United Kingdom), one of the primers at a concentration of 0.32 M, and 1 l of the purified PCR product. The sequence extension products were purified by using the DyeEx Spin kit (Qiagen, Hilden, Germany) according to the instructions of the manufacturer, and the nucleotide sequences were determined by using an ABI PRISM 310 genetic analyzer (Applied Biosystems, Foster City, Calif.). The sequence of each strand of each compiled sequence was determined at least once.
Phylogenetic inference. Multiple-sequence alignments of the gene segments encoding the mature PorB proteins were performed with BioEdit (version 5.0.9) software and by manual adjustment. Phylogenetic trees were constructed with a parallel version of DNAml (maximum-likelihood method) (5) in the PHYLIP (version 3.52c) package with the F84 substitution model, empirical nucleotide frequencies, a transition/transversion ratio of 2.0 (F84), and the global rearrangements option on (10) . The DNAml analysis was performed under Linux on a custom-built Beowulf cluster, consisting of one master and four slaves. Trees were also constructed by using TREECON (version 1.3b) software by using the Jin and Nei substitution model, the Kimura evolutionary model, an ␣ value of 0.5 (31) , and the neighbor-joining method. Bootstrap analysis (9) with 1,000 resamplings was performed by using TREECON software with the same settings described above. The porB1a sequence of reference strain CCUG 41813 (serovar IA-6) was used as an outgroup to root the tree. The alignment was not stripped of gaps before phylogenetic analysis because most indels were unique to the outgroup sequence and occurred in the variable loops. Thus, important phylogeny would have been lost if gap-stripping had been done.
RESULTS

Sequencing of porB genes from reference strains (n ‫؍‬ 8).
Ninety-one percent of the nucleotides in the segments of the porB gene encoding the mature protein were conserved in the porB1b reference strains (n ϭ 7), and the sequence encoding the mature protein in the porB1a strain (CCUG 41813 [serovar IA-6]) had 72% homology with the consensus sequence of the porB1b strains. The porB1a gene (924 nucleotides) was 63 to 69 nucleotides smaller than the porB1b gene (987 to 993 nucleotides), mostly due to the shorter gene segment encoding the predicted surface-exposed amino acid loop 5 in the mature protein, according to the model of van der Ley et al. (32) (Fig.  1) .
The heterogeneity in the porB1b genes was most pronounced in the segments encoding the loops of the porin, which exhibited 65 polymorphic nucleotide sites (15.1 per 100 FIG. 1. Multiple alignment of the deduced amino acid sequences of the mature PorB proteins (with the 19-amino-acid signal peptide excluded) of eight N. gonorrhoeae reference strains of different serovars. Dots denote identity with the PorB1b amino acid sequence of strain CCUG 15823, dashes represent alignment gaps, and underlining denotes synonymous substitutions. The boxes mark the sequences of the surface-exposed loops predicted according to the model of van der Ley et al. (32) . Amino acids in italics at the C terminus were specified in one of the sequencing primers. ‫,ء‬ the isolate was reactive with MAbs 3C8, 1F5, 2G2, 2D4, and 2H1 and was designated as being of serovar IB-36 in the present study.
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on October 14, 2017 by guest http://jcm.asm.org/ sites), whereas the regions encoding sequences between the surface-exposed loops exhibited 23 polymorphic nucleotide sites (4.1 per 100 sites). Nonsynonymous substitutions (mutations that resulted in amino acid replacements) were more prevalent in the segments encoding the loops (n ϭ 61 sites; 14.2 per 100 sites) than in the sequences not encoding the loops (n ϭ 7 sites; 1.2 per 100 sites). Synonymous (silent) substitutions were in preponderance in the segments encoding sequences between the loops (n ϭ 16 sites; 2.8 per 100 sites) in comparison to their prevalence in segments within the loops (n ϭ 4 sites; 0.9 per 100 sites). Gene segments encoding loops 1 (17% of the nucleotide sites were polymorphic), 3 (16%), 5 (27%), and 6 (25%) of the proteins were the most heterogeneous ones, whereas regions encoding loops 2 (5% of the nucleotide sites were polymorphic), 4 (0%), 7 (6%), and 8 (0%) were more conserved (Fig. 1) . Sequencing of porB1b genes from IB-2 isolates (n ‫؍‬ 40). In the alignment of the serovar IB-2 porB1b sequences, a total of 80 (8.1%) polymorphic sites were identified. Gene segments encoding the loops exhibited 58 polymorphic sites (13.6 per 100 sites), and regions encoding the sequences between the loops exhibited 22 polymorphic sites (3.9 per 100 sites). Nonsynonymous substitutions were more prevalent in the segments encoding the loops (n ϭ 54 sites; 12.7 per 100 sites) than in the sequences not encoding the loops (n ϭ 10 sites; 1.8 per 100 sites). The deduced amino acid sequences contained 33 (23.2%) heterogeneous sites in the predicted loops and 9 (4.8%) heterogeneous sites between the loops. The frequency of synonymous substitutions was low and similar in the segments encoding sequences between the loops (n ϭ 12 sites; 2.1 per 100 sites) and within the loops (n ϭ 4 sites; 0.9 per 100 sites). The regions of the porB1b gene encoding loops 1 (17% of the nucleotide sites were polymorphic), 3 (17%), 5 (15%), 6 (13%), 7 (17%), and 8 (15%) of the proteins exhibited the most heterogeneity, whereas regions encoding loops 2 (0% of the nucleotide sites were polymorphic) and 4 (4%) were more conserved.
The 40 IB-2 isolates comprised 13 different PFGE types (variants included; 19 distinguishable fingerprints) and 18 unique porB1b gene sequences (Fig. 2) . The phylogenetic tree analysis revealed that 36 of the porB1b gene sequences from these 40 isolates fell into two major sequence clades (clades ␣ and ␤), whereas four sequences were quite distantly related to each other as well as to the sequences in clades ␣ and ␤ (isolates 445/98, 360/98, 126/99, and 325/98) (Fig. 2) .
Overall, the results of PFGE and porB1b sequencing showed congruence but not complete identity. Thus, clade ␣ included all isolates of PFGE type A or variants of type A except isolate 445/98. However, clade ␣ also comprised a single isolate each of PFGE types B4, I, J, K, L, and M. Similarly, clade ␤ included all isolates of PFGE type B or variants of type B except isolate 127/99. Clade ␤ also comprised isolates of PFGE types F, G, and H (Fig. 2) .
Twenty-one isolates had indistinguishable PFGE fingerprints (type A) but displayed four slightly different porB1b sequences (Fig. 2) . The phylogenetic analysis suggested that this represented the ongoing evolution of the porB1b genes of these isolates. Thus, compared to 11 identical porB1b "core" sequences in isolates of PFGE type A (Fig. 2) , nine isolates had acquired a single G3A nucleotide substitution at site 577, which caused a D3N amino acid replacement in loop 5. One of these nine isolates (isolate 400/98) had acquired an additional substitution (T8173A). Finally, one isolate (isolate 395/ 98) had two nucleotide transitions (A623G and G5953A) in comparison with the 11 core sequences that resulted in a Q3R replacement in loop 1 and a V3I replacement in loop 5, respectively (Fig. 2) .
Serovar determination with the Ph MAbs identified five different serovars among the IB-2 isolates of PFGE type A (n ϭ 21) and two additional different serovars among the isolates of PFGE types K and M. Consequently, six different serovars could be identified by use of Ph MAbs (Ph serovars) among only 13 isolates belonging to clade ␣ and displaying identical porB1b sequences (Fig. 2) . Notably, four of the five isolates of PFGE type B or variants of type B in clade ␤ belonged to the same Ph serovar (Bopyst), and the four isolates that were distantly related to the ones in clades ␣ and ␤ (isolates 445/98, 360/98, 126/99, and 325/98) were of Ph serovars identical to those of several of the isolates within the clades (Fig. 2) .
One presumed cluster (n ϭ 4) comprising isolates of serovar IB-2 derived from the domestic cluster of homosexual men with known epidemiological connections was included among the IB-2 isolates. All four isolates (isolates 426/98, 427/98, 392/98, and 393/98) reacted as the same Ph serovar (serovar Bopyst) (Fig. 2) . The sequencing of the porB1b genes of these isolates, however, discriminated the isolates into two pairs of identical isolates belonging to clade ␣ and clade ␤, respectively, which exhibited 38 nucleotide differences in the porB1b genes (Fig. 2) .
Sequencing of porB1b genes from IB-3 isolates (n ‫؍‬ 68). A total of 51 (5.2%) polymorphic sites existed in the alignment of the serovar IB-3 porB1b sequences. Segments of the gene encoding the loops exhibited 34 polymorphic sites (8.0 per 100 sites), and regions encoding sequences between the loops exhibited 17 polymorphic sites (3.0 per 100 sites). Nonsynonymous substitutions were more prevalent in the segments encoding the loops (n ϭ 33 sites; 7.7 per 100 sites) than in the sequences not encoding the loops (n ϭ 5 sites; 0.9 per 100 sites). The deduced amino acid sequences contained 21 (14.8%) heterogeneous sites in the predicted loops and 5 (2.7%) heterogeneous sites between the loops. The prevalence of synonymous substitutions was low, with such substitutions predominating in the segments encoding the sequences between the loops (n ϭ 12 sites; 2.1 per 100 sites) in comparison to the prevalence in the segments within the loops (n ϭ 1 site; 0.2 per 100 sites). The segments of the porB1b gene encoding loops 3 (8.3% of the nucleotide sites were polymorphic), 5 (19.8%), 6 (7.4%), and 7 (8.3%) of the proteins exhibited the most heterogeneity, whereas regions encoding loops 1 (4.3% of the nucleotide sites were polymorphic), 2 (0%), 4 (0%), and 8 (2.8%) were more homologous.
The 68 serovar IB-3 isolates comprised 13 different PFGE types (variants included; 18 distinguishable fingerprints) and 13 unique porB1b gene sequences (Fig. 3) . The phylogenetic analysis showed that 57 of the porB1b sequences from these 68 isolates belonged to one major sequence clade (clade ␥), whereas 11 sequences were quite distantly related to the sequences in clade ␥ (Fig. 3) . Most of the distantly related se-quences (64%) were those of isolates from heterosexuals exposed abroad.
Overall, the results of PFGE and porB1b sequencing showed congruence; however, some exceptions existed. Thus, clade ␥ included all isolates of PFGE type a or variants of type a. Clade ␥, however, also comprised a single isolate each of PFGE types b, b1, and f (Fig. 3) .
Fifty-one isolates displayed indistinguishable PFGE fingerprints (type a) but had two unique porB1b sequences. However, compared to the 49 core sequences, the porB1b sequences of two epidemiologically linked isolates (isolates 156/98 and 157/98) had acquired a single nucleotide transition (G5843A) coding for a G3D amino acid replacement in loop 5 (Fig. 3) .
The serological characterization with Ph MAbs designated 49 of the isolates of PFGE type a as serovar Bopt; however, two isolates were distinguished as serovar Bopst. Notably, three of the isolates that were distantly related to the ones in clade ␥ also belonged to serovar Bopt (Fig. 3) .
Among the serovar IB-3 isolates, strains from four suspected clusters (n ϭ 2, n ϭ 2, n ϭ 3, and n ϭ 6, respectively) of gonorrhea cases among young heterosexuals were included. All the patients were exposed in the same small town in Sweden, and the individuals in the respective clusters exhibited evident epidemiological connections. Sequencing of the porB1b gene revealed that all isolates (n ϭ 13) from the four suspected clusters had identical DNA sequences. All the isolates belonged to clade ␥ and showed identical reactivities with the Ph MAbs (serovar Bopt).
Sequencing of porB genes from multiple isolates from the same patient (n ‫؍‬ 5). For three of the patients whose isolates were distinguishable by PFGE (30), both isolates from each patient exhibited identical porB gene sequences as well as belonged to the same serovars according to their reactivities with the GS and Ph MAbs. porB sequencing, however, confirmed that the fourth patient was infected with two different strains (exhibiting 44 nucleotide differences in the porB1b gene sequences). Serovar determination also distinguished the two isolates as the Ph serovars Brpyut and Brpyust and GS serovars IB-6 and IB-33, respectively. In the case of a patient carrying two isolates that differed only by ␤-lactamase production, the porB1b gene sequences of the isolates as well as their GS and Ph serovars were identical.
DISCUSSION
Sequencing of the porB gene confirmed previous findings that have indicated the emergence and circulation of one N. gonorrhoeae strain each of serovar IB-2 and serovar IB-3 in the Swedish community. The spread of the strains caused the majority of the cases in two epidemiologically identified domestic core groups: homosexual men and young heterosexuals, respectively (30) . The strains were also detected in other patients. Detailed sequence analysis, however, identified some limited variations in the porB1b genes of isolates of the strains. Despite this heterogeneity (one to four nucleotide substitutions), the isolates were considered to belong to the same strain on the basis of porB gene sequencing together with background knowledge of their indistinguishable PFGE fingerprints (30) and identical reactivities with the GS MAbs by   FIG. 3 . Neighbor-joining phylogenetic tree describing the evolutionary relationships of porB1b gene sequences (999 unambiguously aligned nucleotides) coding for the mature porin of clinical N. gonorrhoeae serovar IB-3 isolates (n ϭ 68). Eight reference strains were included, and the porB1a sequence of reference strain CCUG 41813 (serovar IA-6), which represents an outgroup, was used to root the tree. The length of the branch leading to the outgroup has been reduced by a factor of 10. The different PFGE types and variants (less than four band differences in both the SpeI and the BglII PFGE fingerprints [30] ) of the IB-3 isolates are indicated by boldface lowercase letters. The serovars of the isolates obtained with Ph MAbs are indicated by boldface italics, the isolates with PFGE type a that originated in the Swedish domestic serovar IB-3 core group from young heterosexuals are shaded, and the strain designations are also included.
Relevant bootstrap values (as a percentage of 1,000 resamplings) are also shown.
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on October 14, 2017 by guest http://jcm.asm.org/ serotyping. PorB is considered antigenically stable during the course of infection in smaller groups of sexual contacts (35) . However, the protein has shown antigenic variation over time, as revealed by the diversity of serovars (21) and porB genes (11) identified in the N. gonorrhoeae isolates derived from patients in sexual networks. Sequence analysis of porB genes has previously indicated the presence of horizontal genetic exchange, including the exchange of the entire gene or segments of the gene, as well as point mutations in the evolution of the porin during circulation within the community (3, 11, 14, 23) . However, more knowledge concerning the mechanisms and time scale by which changes in the porB genes occur is required. In isolates derived from patients of a core group, in which the immune response may continuously select new antigenic variants of PorB, the evolution of the porB gene seems to be influenced by a mosaicism among porB gene sequences that is more prevalent than that in isolates from other patients (11) . However, point mutations in the gene may not be more prevalent (11) . In these core groups, diversification of the gene may be necessary for the survival and ecological success of N. gonorrhoeae in the host (11) . Accordingly, the minor genetic changes in the porB1b gene in isolates of the strains probably reflect the ongoing evolution of the gene, as the phylogenetic analysis suggested. Serovar determination with Ph MAbs, however, identified five different serovars among the isolates of the serovar IB-2 strain and two different serovars among the isolates of the serovar IB-3 strain. Furthermore, six different Ph serovars were identified among only 13 serovar IB-2 isolates, all of which exhibited identical porB1b sequences. Thus, serovar determination with Ph MAbs discriminated isolates designated as the same serovar with GS MAbs, as described previously (18, 25) . However, isolates exhibiting identical porB1b sequences were assigned to different serovars with Ph MAbs, differing from one another in their reactivities with one to two MAbs. These discrepancies may reflect reproducibility problems due to a suboptimal quality or interbatch variations in the MAb reagents used, a subjective interpretation of the coagglutination reaction, other methodological problems, or perhaps accessibility problems for some antigenic epitopes due to the conformational effects of native PorB (7, 12, 15, 17, 22) . By sequencing the porB gene of N. gonorrhoeae isolates, it is possible to characterize suspected clusters of gonorrhea cases or confirm presumed epidemiological connections of patients (7, 34) . In the present study, porB sequencing as well as serological characterization with Ph MAbs discriminated one suspected serovar IB-2 cluster as well as confirmed the existence of three serovar IB-3 clusters, findings in concordance with previous PFGE results (30) . Neither porB sequencing nor serological characterization with Ph MAbs, however, was able to discriminate the isolates of the fourth presumed serovar IB-3 cluster (n ϭ 2). These isolates were previously distinguished by use of their PFGE fingerprints, which differed by five bands (30) . Consequently, 12 of the isolates from the four suspected serovar IB-3 clusters (n ϭ 13) exhibited identical porB1b sequences, indistinguishable PFGE fingerprints, as well as identical phenotypes. This, together with exposure of the patients in the same geographic district, might indicate the existence of one larger cluster of gonorrhea cases among young heterosexuals in the small Swedish town.
For three of the patients infected with multiple distinguishable strains according to PFGE analysis (30), the results could not be confirmed by porB gene sequencing or serovar determination with Ph MAbs. The strains were, however, considered closely related by PFGE (30) . One possibility is that these are the same strains but only one genetic event, i.e., a point mutation or recombination, has occurred within the bacterial genome of one of the isolates. porB gene sequencing as well as serovar determination with Ph MAbs, however, confirmed previous results (30) that a fourth patient was infected with two different strains that were isolated on the same occasion. For the one patient infected with multiple isolates, the theory that the patient was infected with multiple isolates of a strain in which one isolate had lost the ␤-lactamase plasmid was also strengthened by the identical porB gene sequences as well as the identical Ph serovars. Overall, the results of phylogenetic analysis of the porB gene sequences in the present study showed congruence, but not complete identity, with previous results obtained by PFGE of the same isolates (30) . This lack of complete congruence between the methods is in full agreement with the results of other studies (7, 22, 34) . Phylogenetic analysis suggested that some discrepant isolates in clades ␣, ␤, and ␥ might be more closely related than the level of relatedness revealed by PFGE. Alternatively, the divergent PFGE fingerprints in the isolates may reflect the occurrence of point mutations or recombination that caused a distinct evolutionary history in the porB1b gene in comparison to other parts of the genome. The results of PFGE and phylogenetic analysis for two IB-2 isolates (isolates 445/98 and 127/99) showed more dramatic disagreement and may indicate that the isolates are recombinants or may even reflect misclassification by one of the methods. No restriction sites for the enzymes SpeI and BglII, used for PFGE (30) , existed in the porB1b genes of the isolates examined. By sequencing a single important genetic locus, the porB gene, the molecular characterization of the isolates was refined in the present study, and this analysis forms a useful complement to PFGE, which potentially indexes the entire genome. porB gene sequencing exhibited a high discriminatory ability and a high degree of typeability (all 126 isolates were typeable). In addition, the method gave more reliable information than serological characterization and did not require MAbs that may have limited availability. Sequence data are also objective and portable for comparison between laboratories. However, no information concerning the exposure of immunologically important epitopes was obtained. This fact, as well as the time-consuming nature of the procedure and the need for sophisticated and expensive equipment, is, at least for the present, a limitation of sequencing.
In conclusion, porB gene sequencing can be used as a molecular epidemiological tool for examination of genetic relationships among emerging and circulating N. gonorrhoeae strains, for confirmation or discrimination of clusters of gonorrhea cases, and perhaps also for monitoring of the evolution of the porB gene over time during passage within the community. In the future, the method may be improved by the sequencing of only shorter segments of the gene, i.e., the most variable regions, to achieve sufficient discrimination of isolates. In Sweden, a country with a low prevalence of gonorrhea, this faster porB-based sequencing could be the method of choice for the precise and effective characterization of N. gonorrhoeae isolates.
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